The aim of the present research work was to evaluate the safety of reconstituted dry powder amphotericin B (AmB) inhalation via nebulizer. This study was carried out on respiratory cell lines (A549, Calu-3, NR 8383), kidney cells (293T/17), human red blood cells (RBC) and aerosol properties were determined by Andersen Cascade Impactor (ACI). AmB, a lipid derivative reconstituted dry powder was formulated by lyophilization and reconstituted into distilled water at AmB concentration at 4 mg/ml. The value of MMAD, FPF were obtained as 1.7 to 2.05 µm and 70 to 80%, respectively. The cytotoxicity test carried out by MTT assay of lipid formulations revealed a very low toxicity on respiratory cell lines such as kidney cells, than pure AmB at concentration 1 to 8 µg/ml of AmB. In-vitro cytotoxicity results showed less toxicity to human red blood cells (RBC) than pure AmB at concentration 1 to 8 µg/ml of AmB.
INTRODUCTION
Amphotericin B (AmB), natamycin and nystatin are three main compounds of antifungal polyenes group. Among them, AmB is the drug of choice because of board spectrum and least resistance to treatment for life threatening systemic fungal infections (aspergillosis, candidiasis and cryptococcosis) including those newly emerging and azole-resistant pathogens in neutropenic patients. 1 Invasive aspergillosis is the prime causes of death observed in immunocompromised patients. 2 AmB acts by increasing the permeability of the fungal cell membrane by binding to ergosterol components and it interacts with cholesterol in human cell membranes that causes manifestation of toxic effects and preliminary termination of treatment. 1 It can cause nephrotoxicity and other related toxicities (fever, , although, its limited uses due to unaffordable cost of the products. 4 Water soluble reconstituted dry powder of lipid derivatives is very useful in the treatment of systemic fungal infection. Research concerning a novel delivery system for AmB with lipid nanoshperes may render a safer, more efficacious and affordable form of the drug in near future. 5 An ideal drug delivery system should provide a targeted therapy that will allow effective concentrations of a drug to the site of disease without exposing others tissues to toxicity. For fungal lung infections the appropriate route of drug administration is to directly deliver the drug into lung, which has been successfully done with a nebulizer. 6 Lung delivery provides targeted therapy at the infected area and reduces kidney toxicity from exposure to high concentrations of AmB. 7 To reduce these adverse effects, nebulizer is an attractive option since high local drug concentrations are achieved with minimal systemic exposure. 8 The advantages of jet nebulizers are inexpensive and do not require trained personnel. Thus our aim of this study was to evaluate aerosol properties and safety of inhalation via nebulization. This study employed lipid derivatives to formulate AmB-lipids system, which was transformed to dry powder by lyophilization. Five lipid derivatives were sodium deoxycholate (SDC), sodium deoxycholate sulfate (SDCS), sodium cholate (SC), potassium deoxycholate (KDC) and potassium cholate (KC). AmB lipid molar ratio was 2:1. The depositions of drug in-vitro with delivery by jet nebulizer were determined by the Andersen Cascade Impactor (ACI). The mass median aerodynamic diameters (MMAD) of particles were 1.7-2.05 µm. The Fine particle fractions (FPF< 4.7 µm) of the all formulations were 70 to 80%. In-vitro toxicity studies on human lung adenocarcinoma cell lines (A549), human bronchial epithelial cells (calu-3), alveolar macrophage cell lines (AMs) NR8383 and kidney cells (293T/17), hemolysis were carried out to ensure that the AmB-lipid formulation was safe to those cell lines. After nebulization, the particle size of five formulations was determined by mass median aerodynamic diameter (MMAD). The aerosolization testing was employed to confirm the possibility of producing the correct dosage with the aid of a nebulizer.
METERIALS AND METHODS

Materials:
AmB was obtained from Ambalal Sarabhai, Enterprises (Vadodara, India). deoxycholic acid (DCA), sodium deoxycholate (SDC), cholic acid (CA) and sodium cholate (SC) were purchased from Sigma-Aldrich (St. Louis, USA). Potassium cholate (KC), potassium deoxycholate (KDC) and sodium deoxycholate sulfate (SDCS) were synthesized in the laboratory. Dimethyl sulfoxide was from Riedel-de Haean, Germany. Polyamide membranes with a pore size of 0.22 µm were obtained from Sartorius, Gottingen, Germany. All chemicals were of laboratory grade and used without any further purification.
Methods
Preparation
of Amphotericin B-lipid formulations (AmB-KC, AmB-KDC, AmB-SC, AmB-SDC and AmB-SDCS). Sodium deoxycholate sulfate (SDCS, 245 mg) was taken in beaker (100 ml) containing 30 ml distilled water and sodium hydroxide (2.7 ml, 0.2M) was added to this solution with constant stirring (500 rpm) in a magnetic stirrer Heidolph MR Hei-Mix L (Helodolph Instruent, Schwabach, Germany). After obtaining a clear solution, amphotericin B powder was slowly added (AmB, 250 mg) in part wise. When AmB was dissolved completely, then it formed a clear yellowish color solution at room temperature. Then the pH of the solution was adjusted by adding phosphoric acid (0.2 M) to obtain a pH of 7.4 for an in situ phosphate buffer using pH meter (Precisa pH 900, Dietikon, Switzerland). The final volume of the solution was made to 50 ml by adding distilled water. The solution was filled into 10 ml on each vial and lyophilization by a freeze dryer (Dura Dry TM MP, FTS Systems Inc., NY, USA). Thus a yellowish powdered cake was formed. A similar methodology was employed to prepare sodium deoxycholate (AmB-SDC), potassium deoxycholate (AmB-KDC), potassium cholate (AmB-KC) and sodium cholate (AmB-SC) formulations as that of deoxycholic acid as well as cholic acid and AmB. This method was adopted on CDD 2012.
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Aerosol properties of the reconstituted AmBlipid dry powders. Around 50 mg of AmB-lipid derivatives (AmB-KC, AmB-KDC, AmB-SC, AmB-SDCS and AmB-SDC) of lyophilized dry powder (i.e., equivalent to 25 mg of AmB) was reconstituted with 6 ml filtered distilled water (4 mg/ml of AmB) for nebulization. This 6 ml solution was poured into a reservoir of a jet-nebulizer (Westmed Inc., Arizona, USA) and connected to a compressed nitrogen gas cylinder and the gas flow was adjusted to 8 L/min. Then the mouthpiece of the jet nebulizer was connected to an eight stage Andersen Cascade Impactor (ACI), (Atlanta, GA, USA). The ACI was operated at a vacuum flow rate of 28.3 L/min. First, the nebulizer was operated for one min and the aerosol generated was directed into a fume hood. Following this nebulization period, the nebulizer was operated for a 2 min period to the ACI. The mass median aerodynamic diameter (MMAD) was calculated during the 1-3 min nebulization time interval. The fine particle fraction was calculated from the AmB deposited on each stage from 1 to 7. All the nebulization was carried out at room temperature to avoid any temperature effects on the deposition of the particles. Five experiments were conducted on each formulation. The drug deposited on each of the stages (0-7 stages) and the metal inlet of the ACI was extracted by rinsing with 25 ml of dimethyl sulfoxide and methanol (1:9 ratios v/v) solution. The drug deposited on each stage was determined by high-performance liquid chromatography (HPLC). For the HPLC conditions, acetate buffer (20 mM, pH at 7.2) and acetonitrile (60:40 v/v) was used as the mobile phase at a flow rate of 1 ml/min. The microbondapak C 18 (Phenomenex ® ,USA) (150 x 4.6 mm x i.d., 5 µm) column was the stationary phase. UV detection was carried out at a wavelength of 405 nm.
In vitro hemolysis assay. The human red blood cells lysis was evaluated as described by Mehta et al. 10 Briefly, erythrocytes (Blood Bank, Department of Pathology, Faculty of Medicine, Songklanagarind Hospital, Prince of Songkla University, Thailand) were isolated from fresh human blood, washed three times with phosphate buffer saline solution (PBS) and centrifuged at 3000 rpm for 5 min. Stock solutions of AmB, AmB-KC, AmB-KDC AmB-SC, AmB-SDC and AmB-SDCS were added to the suspended erythrocytes and the suspension was diluted with PBS to give final AmB concentration in the range 1-8 µg/ml and a final hematocrit of 1%. The solutions were incubated at 37 °C in an incubator for 24 h. The unlysed cells were removed by centrifugation at 3000 rpm for 5 min and the hemoglobin in the supernatant was determined by its absorbance at 540 nm. PBS without AmB was used as negative control and 1% Triton X-100 (SigmaAldrich, Steinheim, Germany) was used as positive control for 100% lysis. According to the equation 1, % hemolysis can be calculated as shown below:
% Hemolysis = [Abs-Abs 0 /Abs 100 -Abs 0 ] ×100 ……… Equation……1
Where: Abs is the absorbance of sample :Abs 0 is the absorbance of negative control :Abs 100 is the absorbance of positive control
The cytotoxicity assay in respiratory cell lines and kidney cells. A549, Calu-3 and AMs NR8383, kidney cells were distributed in 96-well plates at a density of 1 10 5 cells/well in 100µL completed medium and allowed to attach overnight. After 24 h at 37ºC and 5% CO 2 , 95% humidity, the medium (100 µL) was replaced with medium containing various concentrations of drug formulations (1 to 8 µg/ml) or an equivalent concentration. After incubation for 24 h, 50 µL of a solution of MTT at 1.25 mg/ml (Invitrogen, USA) were added and incubated for a further 4 h at 37ºC in an atmosphere of 5% CO 2 and 95% humidity, covered with an aluminum foil. After completion of the 4 h incubation, the solutions were removed from the 96 well plates and 100 µL of DMSO added to dissolve the formazan crystals. The optical densities (OD) were measured at 570 nm in a microplate reader (Biohit BP 800, Helsinki, Finland). Control cells were incubated with medium without AmB. Four wells were used for each concentration and timepoint. The percentage of surviving cells was calculated from the following formula: (OD treated /OD control ) × 100. Three independent experiments were done. The number of viable cells in the treated well was compared to those in the untreated well and estimated as percent viability.
Statistical analysis. Data were presented as mean ± standard deviation (SD) from at least three samples unless indicated. The data were compared using Student's t test for independent samples and by analysis of variance (ANOVA). All statistical comparisons were calculated using the SPSS software version 16.0 (SPSS Inc., Chicago, IL). A significance of level of p-value < 0.05 was considered statistically significant.
RESULTS AND DISCUSSION
Aerosol properties of reconstituted AmB-lipid formulations after nebulization. The in-vitro deposition of AmB-lipid derivatives in the Andersen Cascade Impactor (ACI) using a reconstituted solution and jet nebulization as described in the materials and method section. The properties of the aerosolized AmB-lipid derivatives (AmB-KC, AmB-KDC, AmB-SC, AmB-SDC and AmB-SDCS,) are presented in table 1. Part of this research related to the aerosol property of the two formulations, AmB-SDCS and AmB-SDC was previously reported by Gangadhar et al. 13 The physical properties of the AmB-lipid formulations are the most important factors that determine their deposition in the small airways of the lung for targeting the alveolar macrophages. The FPF was the amount of AmB smaller than 4.7 µm. To achieve the best result of aerosolization for delivery of the drug into a diseased lung, small aerosolized particle sizes with the MMADs that range from 1 to 5 µm are required. MMADs of all the AmB-lipid formulations used in this study were between 1.70 to 2.05 µm ( Table 1) . The percentages of the FPF of the AmB-lipid formulations were found to be between 70-80%. However, the powders had very poor flow properties, so they were not suitable for use in a dry powder inhalation. For nebulization, the dry powder was reconstituted with distilled water and found to be in a highly soluble and stable form, so this solution was suitable for jet nebulization. It revealed that these formulations were stable without degradation of AmB during the nebulization process. In vitro hemolysis assay. Hemolysis of human red blood cells was evaluated by a reported method as described in the materials and methods section. Erythrocytes treated with AmB-KC, AmB-KDC, AmB-SC, AmB-SDCS, AmB-SDC, and AmB showed some hemolysis as shown in figure 1 . In this study, we had chosen a concentration range of 1-8 µg/ml according to Yu et al. The safety level of hemolysis was reported by Yu et al.
14 less than 5% of hemolysis increased as the concentration of AmB increased up to 17%. AmB-SDCS, AmB-SDC, AmB-KDC, AmB-KC, AmB-SC and AmB, each at a concentration of 8 µg/ml AmB, caused some red blood cell hemolysis of 9%, 14%, 14%, 14%, 13% and 17%, respectively so all AmB-lipid formulations produced less hemolysis than AmB. Among these five formulations, AmB-SDCS was least hemolysis than others. It was due to the sulfate ions interact and stabilize micelle and low release of free AmB and free form AmB is less available to formation of dimeric form, which causes for hemolysis. These lipid derivatives may be able to stabilize AmB. Forster et al. 15 reported that lecithin-stabilized emulsions produced low hemolysis. They explained that the reduced hemolysis of the liposome and the lecithin-stabilized emulsions was due to the strong binding between the AmB and the phospholipid. Chuealee et al. 16 studied various cholesterol derivatives for the formulation of AmB and found that AmB was stabilized in a similar manner and hemolysis was prevented. The hemolytic effects were effectively or significantly reduced compared to conventional surfactants such as SDC and cholesterol.
Cytotoxicity assay. The toxicity of the lipid formulations (AmB-KC, AmB-KDC, AmB-SC, AmB-SDC and AmB-SDCS) and AmB on A549, AM NR 8383 and Calu-3 cell lines and kidney cells (293T/17) were estimated at different concentrations from 1 to 8 µg/ml by the MTT reduction assay after 24 h of exposure as shown in Figure 2 . Typical effective concentration of AmB in the blood circulation is 1 µg/ml so the lung tissue should have a similar concentration. 17, 18 A typical testing for the AmB concentration in vitro was between 8-16 times, in this case we had chosen 8 times. 14 The lipid formulations (AmB-KC, AmB-KDC, AmB-SC, AmB-SDC and AmB-SDCS) and AmB up to 8 µg/ml showed very low cytotoxicity to A549 cells. The viability of A549 cells after treatment with AmB-SDCS, AmB-SDC, AmB-KDC, AmB-KC, AmB-SC and AmB were 95, 91, 89, 94, 95 and 92%, respectively (Figure 2 A) . For the Calu-3 cells they showed above 92% viability with all AmB formulations up to 8 µg/ml. This indicated that the five formulations were not toxic to the lung cell lines Calu-3 (Figure 2 B) . In the case of the AM NR8383 cell lines, the percentage of viability was over 80% with the AmB lipid formulations (AmB-KC, AmB-KDC, AmB-SC, AmB-SDC and AmB-SDCS) at concentration of AmB up to 8 µg/ml and more than 99% viability was achieved at a lower concentration of 1 µg/ml. In the case of pure AmB, the viability of AM NR8383 cells rapidly declined from 93 to 56% with increasing concentrations of AmB from 1 to 8 µg/ml. There was more than 80% of cell viability at concentrations of AmB 1-4 µg/ml whereas at 8 µg/ml, it was drastically decreased by up to 56% (Figure 2 C) . AmB is known as a nephrotoxic drug, so its clinical application is limited due to its major toxicity. 19 The incidence of nephrotoxicity was reported 49-65% in conventional AmB deoxycholate. 20 To minimize this toxic effect, lipid derivative carriers (SDCS, KC and KDC) were synthesized in a laboratory, SDC and SC were purchased from the market and AmB-lipid formulations (AmB-KC, AmB-KDC, AmB-SC, AmB-SDC and AmB-SDCS) were prepared by lyophilization process. This toxicity test was done invitro study on human kidney cells (293T/17) as shown in (Figure 2 D) . The percentage viability of kidney cells was over 90% after challenging with AmB or AmB formulations at 1 µg/ml. A slight decrease of viability to around 83% at 2 µg/ml AmB was observed. However, at 4 and 8 µg/ml AmB, dramatic cell death was observed. AmB-lipid formulations (AmB-KC, AmB-KDC, AmB-SC, AmB-SDC and AmB-SDCS) provided some protection of kidney cells as viability after treatment with 4 µg/ml was higher than 80% and except AmB-SDC, AmB-SDCS, AmB-SC, AmB-KC and AmB-KDC formulations were higher than 80% at 8 µg/ml. AmB-SDC at these concentrations was slightly less toxic than pure AmB. The micelles provided a relatively weak barrier compared to the lipid bilayers of liposomes or lipid matrix or LNPs. 21 Therefore, LPNs or liposomes that entrap drugs in their lipid matrix or bilayers are able to decrease cytotoxicity of the entrapped drugs. 22 In this case it is possible that AmB-SDCS, AmB-SC, AmB-KC and AmB-KDC lipid formulations can form more stable micelles than AmB-SDC. Therefore the free AmB release from AmB-SDCS, AmB-SC, AmB-KC and AmB-KDC lipid formulations may be slower than that from AmB-SDC resulting in a lower toxicity to the kidney cells. These lipid formulations seemed to be less toxic than pure AmB. In overall toxicity studies of AmB-lipid formulations in respiratory associated three (A549, Calu-3 and NR 8383) cell lines and kidney cell lines (293T/17), they were showed that SDCS, KDC, KC and SC formed more stable micelles than SDC. Therefore, the release of free AmB from AmB-SDCS, AmB-KDC, AmB-KC and AmB-SC may be slower than that from AmB-SDC resulting in less toxicity for all tested cells up to 8 µg/ml concentration of AmB. 
CONCLUSION
Five lipid derivatives such as KC, KDC, SC, SDC and SDCS, were chosen as lipid drug carriers. These carriers were applied to develop as lipid drug carriers system as a reconstituted dry powder AmBlipid formulations. AmB-lipid formulations were successfully prepared by lyophilization process (freeze drying) in mole ratio 1:2 (AmB:lipid carrier), formed solid caked, which was a very light, free flowing, hygroscopic in nature. Aerosolization characteristics such as MMADs were obtained ranges 1.70-2.05 µm with high FPF 70-80%. These lipid drug carriers play vital role play to dissolve the poorly soluble AmB into highly soluble and stable solution form. The cytotoxicity examinations of respiratory associated cell lines (A549, calu-3 and AM NR 8383), kidney cells and human RBC hemolysis were shown higher viability with AmBlipid formulations as compared to pure AmB. This was possible for targeting the AM in lung fungal infections. Therefore, we carried out all the relevant study of AmB-lipid formulations and conclude that they were suitable for the treatment of pulmonary aspergillosis by targeting AM via jet nebulization. Among five AmB-lipid formulations, it can be concluded that SDCS was the best lipid drug carrier in terms of its aerosol property, toxicity tests.
